Financial technology (Fintech) is developing rapidly, utilizing software and programming code in innovative ways.
Introduction
The use of programing code in finance, captured by the all-encompassing term Fintech, is evolving at a rapid pace. Research into its implications and its potential impact is lagging. The consequences of digitalization are being hailed as a 'game changer' for both the banking and securities industries. As such, more has to be known about the consequence of big data solutions and their application over the internet. In this paper we address the uncertainty by presenting two Input-output analysis scenarios for Scotland's financial digital future. Such an approach has limitations and we present these latter. We illustrate the impact with just the two scenarios to illustrate the stark contrast between the outcomes illustrates the disruptive nature of the Fintech phenomenon.
It is clear that the adoption of Fintech will result in widespread disintermediation. Schmidt, Hackethal and Tyrell (1998) explain this is where non-financial intermediaries take a larger proportion of transactions from the market share of traditional incumbent financial institutions. Fintech's take up will also mean transactions will become instant. As a consequence, operations will become more efficient and capital raising more democratized. Whilst we highlight what the impacts of these changes will be for Scotland, the impact could be equally disruptive in other jurisdictions.
In view of the binary nature of the outcomes presented, we argue that the adoption of a policy framework for Fintech is important in order for Scotland to remain competitive. This is because the pace of adoption of Fintech will determine the eventual winners and losers. In this respect, Fintech represents both a risk and an opportunity.
Background
Financial Technolgy (Fintech) is the all-encompassing word for the financial architecture of the digital age. It covers market infrastructure, payments, settlements, digital currencies and data analytics. Its protagonists utilize software and/or programing code to provide financial services.
The developments on the technology side are being driven by two key innovations, blockchain and distributed ledgers. Blockchain will enable a peer-to-peer version of electronic cash. Nakamoto (2008) was the first person to identify the benefits of blockchain. He showed how it allows online payments to be sent directly from one person to another without having to go through a financial institution. Closely allied to this is the concept of distributed ledgers. Mainelli and Smith (2015) identified distributed ledgers as having the potential to "transform the way people and organizations handle identity, transaction and debt information."
There are those who call Fintech a disruptive innovation. We argue that this is only partly true. The financial services that Fintech covers capture a wide spectrum including loans and deposits, transactions, payments and transfers. These areas have already been and will continue to be disrupted. The "theory of disruption innovation" proposed by Christensen (2006) specifically addresses innovation that creates new markets. Fintech, in this theory, is disruptive in the sense that it is a new business model using existing technologies in innovative ways. Despite this, Fintech is not undergoing a revolutionary change but an evolutionary one.
We draw on published white papers for statistics, including those by Ernst & Young (2016) , Deloitte (2016) , PWC (2016) and Boston Consulting Group (2016) . The working hypothesis is that failure to embrace the new Fintech architecture will erode the position of the financial sector. We also present the alternative scenario where certain policy initiatives have been be put in place and demonstrate the impact on both direct and indirect employment. We justify these two outcomes on the basis that the movement toward technological solutions that require digital replacement or upgrade will happen. Their adoption is not an either-or option. It is the speed of their adoption that is the subject of uncertainty.
The competitive landscape
The United Kingdom, according to the House of Commons (2015) , is a world leader in Fintech. It estimates the sector to be worth £20bn in annual revenues, a figure that includes the incumbent spend. Ernst & Young (2016) estimates the startup element of Fintech revenue to be around £6bn. According to their early adopter index, 14% of consumers in the UK are already Fintech users. This figure goes up to 25% in London area. This ranks the UK ranks in 5 th place out of 140 on the 'availability of technology' criteria in the CBI Index (2016).
The competitive landscape is being framed by a number of themes. The United Kingdom's Trade and Investment (2014) identified four of these in respect of the Fintech roll out. These are (1) the monetization of data, (2) the replacement of legacy infrastructure, (3) disintermediation and (4) the importance of encryption and cyber security. Our analysis incorporates these.
The Boston Consulting Group (2016) estimate global retail-banking revenue in 2015 was nearly $1.6 trillion. As such, the Fintech market size is equally large. Global IT spending by banks in 2016 was $360 billion. The UK Government has identified this as a priority area and instigated many initiatives to support competition and innovation across financial service providers. These are largely based in London, so Scotland has to establish its own strategy. 
Scotland
Although we present a worse case scenario, the outlook for Fintech in Scotland is actually quite positive. Banking and insurance are well represented. Scotland hosts the third largest asset management industry in Europe based on the funds under management. The figure in 2016 was just over £800bn. The Financial Services industry generates £8bn revenue and employs 95,000 people. This represents some 13 per cent of all banking employment in the UK.
In comparison with London, organizations in Scotland have a closer network and therefore the potential for more flexibility and agility. It is worth noting that whilst London ranks in first place as the world's financial centre, according to Long Finance (2015) , it is not the leader in Fintech. This represents an opportunity for Scotland as the industry is still nascent. That said, Scotland is dwarfed by the size of the initiatives globally. Deutsche Bank (2016) , for example, has set up innovation labs in Silicon Valley, Berlin and London, planning to spend up to €1 billion on digital initiatives by the year 2020.
and Investment (2014) explains that the reason for California's success is its established network of talent and venture capital. Scotland will have to emulate these characteristics to benefit from our best case scenario.
To date, Fintech activity in Scotland has been concentrated in the payments space. Such activities need to be extended to mobile and e-commerce solutions. The innovations in platform architecture for these are now entering mainstream finance. These include alternative finance platforms, P2P lending and crowd-funding. The opportunity for Scotland also includes insurance. The country also has a long tradition in the insurance sector and it accounts for 24 per cent of all UK employment in the life assurance segment.
There is, however, a caveat. According to Deloitte (2016) "there could be a huge opportunity for Scotland, but at present it is just not being seized." The report continues to say that whilst the components are in place, these are not quite put together. It suggested three main areas of focus to address this, (1) establishing a vision, (2) creating a single hub for Fintech to develop a culture of connectedness and (3) establishing a set of actions to support the development and flow of talent to Scotland.
Scotland already has a number of support services to promote the development of talent and innovation such as DataLab, CodeClan, Informatics Ventures, Skills Development Scotland, Glasgow Economic Leadership and Strathclyde University's Hunter Centre for Entrepreneurship. Moreover Scotland has a growing presence of incubator programs. These include CodeBase, the UK's largest technology incubator based in Edinburgh, and Scottish Enterprise which provides training and support. Scotland based start-up companies also benefit from funding schemes including the Scottish Loan Fund (investments between £250k to £5m) and Archangel (investments from £50k to £2m).
Initiatives are already afoot to promote Fintech in Scotland. Scottish Financial Enterprise has established a Fintech Strategy Group. Scottish Enterprise, Deloitte and the Financial Services Industry Advisory Board are part of this group. It is jointly chaired by the First Minister of Scotland and Chairman of Scottish Financial Enterprise. The Scottish Parliament has also publicly pledged its support for developing the Fintech agenda. There are also initiatives by ScotlandIS, the trade body for the digital technologies industry.
One of the key United Kingdom wide initiatives is the Open Bank API framework. This is designed to empower retail clients and SMEs access their bank data via APIs and better their financial standing. An API is a collection of functions and procedures that allow the development of applications which access the features or data of a network. It presents a new mindset and represents a challenge to the incumbent banks. New banks, termed challenger and/or disruptor banks, are already adopting its use. They have built 'off the shelf' digital enterprise platforms that can access external Fintech service providers. Examples of these disruptor banks are Metro Bank, Number26, Starling Bank and Tesco Bank in Scotland.
As part of the drive, Scottish Enterprise has commissioned research to map the Fintech companies already operating in Scotland. They have identified some of the various components required to develop Scotland as a Fintech hub to which we add the recommendations in this paper. The emerging themes in all the recommendations include talent, skills, international profile, infrastructure and innovation.
Blockchain distributed ledger technology and its applications to finance
The digitalization of finance and the processing of big data through distributed ledgers is at the core of current Fintech adoption. There are many, such as Trautman (2016) who argue that blockchain will form the basis of digital transactions. In simple terms, a blockchain is a selfcontained program that functions on the Internet and is stored virtually on it as a decentralized ledger. For Scotland to be successful in Fintech, it needs the skill, infrastructure and vision to capitalize on blockchain and its financial institutions understanding of virtual ledgers. We believe blockchain will transform how financial transactions are recorded, reconciled and reported. Ali, et al. (2014) explain how blockchain can be applied to financial transactions. Its important characteristic, in this respect, is that it is robust. This is because every participant in a financial transaction chain receives a copy of all previous transactions. In short, it is secure because prior transactions cannot be easily altered all at once.
Another advantage of blockchain is that it is an 'open system'. It can be used to transfer value, be they cash equivalents or securities. It consists of users who interact with digital contracts that are established by publishing signed time stamped messages called transactions. 'Nodes', sometime called 'miners', spread information, package data, and update the transaction history. In this way, programming code is effectively being used to transmit digital settlement instructions over the internet.
The traditional way financial transactions are settled is shown in figure 1 . This depicts a centralized ledger. The blockchain approach facilitates a distributed ledger as depicted in Figure 2 . This can operate on the 'cloud', another term for the internet. Simplified, in a Fintech context, it can send instructions to a multitude of financial ledgers distributed throughout the world wide web, continually updating the same in real time. The network approach in Figure 2 facilitates smart contracts that can be executed with lower legal and transaction costs than traditional banking method. Needless to say, such transactions can consist of large amounts of data. In addition to the processing challenges distributed ledgers present, it should also be pointed out that blockchain presents regulatory issues, as central banks can be bypassed. The Bank of England is concerned about this and it behooves the Scottish Parliament to think strategically about the issue.
Bitcoin, as described by Franco (2014) , is the most well-known blockchain crypto-currency. That said, its colorful history stands in the way of its widespread adoption. Bitcoin was developed by Nakamoto (2008) .
It is worth exploring Bitcoins shortcomings to learn lessons from it. Firstly only a few software developers are rewarded for its upkeep and the participants (miners) are heavily concentrated in China. In 2016, that country had 70% of the world's bitcoin mining and 90% of its transactions. It second shortcoming is that it is not backed by a recognized brand, be it a respected government or corporation. Its third shortcoming is the amount of data required. This is because of the way the programing requires updates on all previous records in the distributed ledger each time a transaction is made.
Most of the development in blockchain is being pushed forward by commercial companies. Scotish banks are participating in some of these initiatives. The most noticeable of these is a Fintech start-up called R3. This consortium is developing blockchain technology for a number of banks including Barclays, BBVA, Commonwealth Bank of Australia, Credit Suisse, J.P. Morgan, State Street, Royal Bank of Scotland and UBS.
As can be seen from the explanation of the way it interacts with distributed ledgers. Blockchain will result in an explosion of data. This increase in 'Big Data' needs to be addressed. As such, banks are migrating to more sophisticated data solutions, one of which is a move to superior programming languages. Scottish universities are familiar with such programing code and need to include it in taught financial markets classes. That said, they need the direction and funding to effect such changes to the established curriculum.
The preferred programing code for Fintech is Python. According to Hilpisch (2016) Python is an interpreted, object-oriented, high-level programming language suitable for finance. It's simple, easy to learn and reduces transaction costs as it is low maintenance. To be successful in Fintech, Scotland will have to train a generation of finance graduates who are familiar with it and other such programing languages, an initiative currently being investigated by Strathclyde University.
Fintech and payments: cryptocurrencies, digital money, digital payments
The backbone of financial services is the payments system. At present, most payments are made via traditional systems. These are affected by a set of rules and procedures that oversee the transfer of funds between the institutions that input into the payment system. In the UK, most transaction are done through a Real-Time Gross Settlement system. This is largely done on legacy computing systems and operates on a peer to peer basis in a process called clearing. The advent of digital communications, in particular blockchain technologies, can facilitate real time settlement. This will change the traditional cash settlement from the current three days to less than a second. Such speeds are more aligned with the consumer expectations and it is here that blockchain can potentially be disruptive to incumbents. The term Paytech has been coined to differentiate it from the rest of Fintech, although it is clearly at the core of the concept.
Paytech is the most developed area of disruptive Fintech. It covers all aspects of payments and transfers, utilizing blockchains. At the start of 2016, the R3 Consortium in combination with a number of Scottish and other banks tested blockchain technology as a platform for commercial paper transactions. They managed to settle transactions in seconds, thereby delivering proof of concept.
As has already been noted, Scotland handles a lot of financial payments and transfers. The Ernst & Young (2016) database that cover over 4,000 of the most prominent Fintechs companies states that over 50% of such Fintech companies are banking or payment related. Around 350 are based in the United Kingdom. Many of them are household names. They include:
 Alipay (Alibaba groups payment platform).  ApplePay (contactless mobile payments).  Bitcoin Square (for buying and selling Bitcoin).  GoCardless (recurring direct debit).  Google Wallet (peer-to-peer payments service).  M-Pesa(mobile phone based money transfer).  Payoneer (online money transfer and e-commerce payment services).  Paypal (Online payment service).  Samsung Pay(contactless mobile payments).  Stripe (online platform to accept payments).  Transferwise (currency transfer and exchange).
In addition to blockchain, there are further applications that could prove useful to payments. Small and Mid-sized Entreprises (SMEs), for example, would benefit from having their invoices paid on time. Early payments helps cash flow and Fintech can facilitate this. Waitrose, for example, has committed to pay its smallest suppliers within a week of receiving a digital invoice. In the broader economic sense, early payment by large companies would have a large impact of the velocity of circulation money. According to the House of Commons (2015) there were 5.4 million SMEs, representing over 99% of all businesses. They represent 47% the total revenue and some 60% of total employment.
Paytech is also a mobile phenomenon. According to Au and Kauffman (2008) there are two technology standards helping to deliver wireless solutions. These enhance device and platform interoperability. They are short message services (SMS) and near field communications (NFC). Both these have been around for a while but their take up in Scotland needs to be promoted and accelerated. To be successful in Fintech Scotland requires an all-round approach to technology adoption and usage. The sort of technology that might prove successful is a funded digital wallet linked to an existing or disrupter bank account. This would then allow the transfer of funds to be done through a mobile device. One such example of this is the Abra in the United States.
Payments require the highest level of security and encryption be they wireless or over the internet. The speed of adoption of Fintech innovations in Scotland, as anywhere, will therefore depend on their security features. The ease with which digital information can be copied, and the speed with which it transmits, mean security is critical. Gasser, et al. (1989) demonstrated very early in the technological revolution that the traditional concept of computer security is not practical for a distributed system. The majority of data breaches infringements happen very fast.
The time it takes to compromise a system is almost always less than to identify the breach. Verison (2016) reported that in 98% of cases a successful attack takes just a few minutes. In 30% of cases, the identification of a breach took a number of days and in 15% of cases it took up to two months. It also noted that such attacks either froze or slowed down the systems. We point out that as workable and efficient security is mission critical to financial services. Scotland needs a coordinated approach to this, rather than leaving it to be addressed on a bank by bank basis.
The place where Fintech brings together all its technologies and which holds the most promise for the future is in a global crypto currency. The case for this is self-evident and its long term adoption a likely outcome of the internet.
A Scottish Crypto-currency
We present the case for a Scottish backed crypto currency. This would have a number of advantages. It would also make the outcome of the positive scenario in our analysis more likely. It would strengthen the image of Scotland as a Fintech hub, it would give the banks access to practical blockchain applications, and it would create a nucleus around which to build other Fintech activities.
Most crypto currencies have been developed by the private sector. Scotland could either host such an initiative or develop its own. This could be done by providing the backbone in the form of an encrypted distributed ledger. As a sponsored initiative, a copy of the transactions could also be mirrored in a central registry. This could maintained by the Scottish government. The advantage of this is that there remains an element of oversight, be it for tax or money laundering. This would prove easier to regulate than a mined and anonymous blockchain.
A central register for a distributed ledger would provide the backbone for such an outcome. We recommend this be equipped with an atomic clock as a back up to timestamp digital transactions and support it with a black fiber financial backbone (that links into existing connections). The concept of an atomic clock is to provide added security to the blockchain. Existing blockchains are ordinal and have to be stamped. To prevent manipulation of financial transactions, we recommend that they be date and timestamped with the most accurate method possible, an atomic clock. The rationale for a Scottish digital currency is supported by its unique political positioning. Legally, there is no need to have the legal capacity to issue banknotes to set up a cryptographically enabled transaction system. As long as a bank or group of banks is willing to guarantee the exchange of the currency to sterling (or a menu of exchangeable currencies) then the system could be just run from a distribute ledger.
In most countries it is only central banks who are permitted to issue currency. In Scotland Bank of Scotland, Clydesdale Bank and The Royal Bank of Scotland currently issue banknotes. Scottish Banknotes are legal currency in as much as they are approved by the UK Parliament. Scottish banknotes are not technically legal tender even in Scotland but the widespread use has established a precedent which can be built on. The Scottish payment system currently exists without a legal framework. This legal ambiguity can be used to issue Scottish digital currency, backed by deposits from these currencies with the Bank of England. The Scottish Parliament would have to support the initiative and presumably pass legislation on cryto-currencies to ensure its success.
This legal ambiguity is why a central register would have to be kept. If the transactions were anonymous then it would likely be illegal under federal anti-money laundering laws in the US. As a result, it could not become a global digital currency. It is quite possible this system, if it was exchangeable to Sterling, would come under the regulation of wire transfers. It would benefit from Scottish Parliament legislative support.
A Scottish cryptocurrency would have to be an encrypted distributed ledger run by the three banknote issuing banks. The transaction patterns and history would have to be visible to participants. The Byzantine N agreement, a protocol in distributed computing, is all that is needed. As a result, it is possible to build a framework with quite a small amount of infrastructure. Indeed, it could be conducted entirely in the 'cloud'.
Fintech and Insurance: Insuretech and Big Data applications
Fintech applications are also adopted by the insurance industry. This is termed Insuretech. The Scottish insurance industry will see drastic changes in response to the technology. Scotland accounts for 24 per cent of all UK employment in life assurance. Due to the proliferation of data and possibility of big data analysis, insurance portfolio risk can be better managed. PWC (2016) identified that 74% of the insiders in the industry thought that it will be affected by Fintech within 5 years.
The technical advances that come with Insuretech have both cost and benefits. These will hasten its adoption. The Fintech agenda, as a result, is moving from an operational to a strategic focus. Previously only large insurance institutions would have had the funds to capitalize on such themes and develop innovative financial service solutions. Now, due to the low cost to entry, insurance product platforms have opened up opportunities for Scottish entrepreneurs.
Insurance products can be tailored thanks to Insuretech. The advantages that blockchain technology brings to the table include a reduction in the cost of claims processing, an increased level of trust and better protection from cyber threats.
Insurance companies will increasingly use Big Data solutions, primarily in risk control. Insurance companies can therefore handle data that is too large or complex for traditional data processing applications. Python, R, Julia, Matlab or Java are all languages that will be required. As part of the digital migration, insurance companies are moving to cloud-based platforms. This helps to decrease the up-front costs and reduces infrastructure costs. This solution provides scalability. Scotland offers a good environment for data centres with a cool climate and political stability. Scotland also provides data center infrastructure for colocation, meaning physical infrastructure sharing for multiple companies. There is a datacenter between Edinburgh and Glasgow, Data-vita, already in existence.
There are skillset requirements to implement the Insuretech solutions. In particular, there is a special need for the pipeline for insurance related Fintech savvy talent. London has had the benefit of sourcing tech staff from the continent but Scotland has not had the same degree of success. More has to be done on the visa side to address this. According to ScotlandIS, only 60% of new digital staff will be sourced from Scotland. Ernst & Young (2016) notes that Germany's temporary work permit application takes 9 weeks in comparison to UK's 20 week. In the USA, the equivalent takes 12 weeks.
Fintech and banking: banking as a service, P2P lending, risk management, Open Banking and Open API As has been noted, banking stands to change as a result of the payments side. In addition to the impact of blockchain on banking settlement, Fintech also has the ability to change the way capital is managed and allocated. Fintech is changing both retail and corporate banking as well as the interface between them. This is being driven not just by cost saving and increasing efficiency but also by customer experience. The promise of Peer-to-peer lending (P2P) is afforded by technology that puts those with capital in direct contact with those requiring it.
Peer to peer accounts for 0.97% consumer lending market and 0.51% business-lending according to Deloitte (2016) . Notable however, is the growth in the SME lending. The UK government has set up a policy initiative to establish a mandatory referral scheme by banks for rejected SME loan applicants to seek loans from these platforms.
Since the credit crisis and the updated Basel III framework, the banks have been scaling back their lending capabilities and borrowers have had to seek new sources of capital. This has made room for the disruptors, something which Christensen (2015) highlighted as likely to happen. Whilst banks can take deposits or lend money, P2P lenders intermediate by tranching smaller borrowers by credit ratings and passing on this exposure to multiple lenders. P2P's are not able to take risk on their balance sheet or receive or structure any interest income from the deposits. That said, they do not qualify for the capital requirement regulation. Instead they generate the revenue from fees and commissions received from both borrowers and lenders.
As a result of demands to open access to customer data, the UK government has started an initiative led by the Open Banking Working Group. Open API (Application programming interfaces) offers the promise of consumer data on payments, deposits, insurance, investments and pensions. In future, API's may also be used to share securely customer's data, such as the transaction history with their confirmed consent. For incumbents, this will be a challenge.
In banking, Scotland also needs to improve its Fintech focus on mobile and digital wallets as well as the payment technology for that as previously mentioned.
Consumers expect immediacy, convenience and security to be integral to mobile payments. We believe that mobile phone payments for digital services will eventually happen in real time. Mobile solutions are powerful drivers of Fintech, hastened by consumers who are early adopters of this technology. In some emerging markets, mobile phones are more wide spread than bank accounts. M-Pesa is mobile payment app which is used in Kenya and a few other emerging countries. With it people regularly use mobile phone credit to transfer money. The fact that its use is more widespread in Kenya than in Scotland shows there is an implementation requirement that needs to be rapidly addressed.
Mobile is an important part of the Fintech landscape. There are more connected mobile phones than there are people in the world. Mobile apps increase access to banking services. They facilitate payment and they can also be used for receiving payments. It is envisaged that it is the mobile phones, rather than credit cards, that could replace cash. Generally early Fintech banking adopters tend to be younger and have higher income. 18% of them have used money transfer payments provided by new business model Fintech companies, followed by 17% adaption rate in savings and investment services.
Fintech and fund management: robo-advisors, crowdsourced products, crowd investing
The fund management industry is also being impacted by Fintech initiatives. Fund management companies are embracing big data solutions for portfolio construction, optimization and the creation of efficient asset allocation frontiers. Scottish fund managers need to keep abreast of these changes. In our scenario, we do not attribute much of a job impact to this sector. That said, it is a competitive issue for the individual companies to position themselves as technology savvy.
The most prominent fund management initiative is termed Robo-advisors. These can be defined as providers of algorithmically driven and low-cost investment advice on the Cloud. An algorithm takes a view where markets are going and search available products with matching them to clients' circumstances, timelines and goals. Machine learning or artificial intelligence is facilitated. Robo-Advisors not only design portfolios. Dapp (2014) predicts an increase in algorithmic trading as a result of these trends.
In Scotland, Robo-advisors can grow the intermediaries market, negatively affected by the Retail Distribution Review. Its traditional fund managers should consider developing their own robo-advisory products for lower fee paying consumers. This would positively affect the part of the Independent Financial Advisory who already use financial modelling tools to match their clients with investments. In the UK, Nutmeg the most well-known and first self-standing Robo-Advisor. Nutmeg is backed by a well-known global asset manager Schroders.
There is a large difference between the USA and the European markets for Robo-Advisors. The USA with a total population of 320m people provides a great single regulatory financial market (with some exceptions across the States) and one majority language. According to (Deloitte 2016) , Robo-Advisors are expected to manage 10-14% of all the assets in the USA by 2025. (A T Kearney 2015) similarly estimates that the US assets managed by Roboadvisors will be around $2.2trillion by the year of 2020. The figures are likely to be different to Europe if the Robo-advisors cannot offer as competitive pricing and access as the US counterparties.
With Robo-advisors, the total expense ratio is higher as the fees charged by them do not cover the underlying costs of third party investments or trades. What is notable however is that the pooling of assets helps to lower those fees. This kind of approach could work for the European based stand-alone Robo-Advisors that have access to the European Union single financial market.
As Scotland no longer has its own stock exchange, the development of crowdfunding can fulfill an import societal need for its capital raising. Mollick (2014) defined crowd-funding as the ability of "founders of for-profit, artistic, and cultural ventures to fund their efforts by drawing on relatively small contributions from a relatively large number of individuals using the internet, without standard financial intermediaries." These platforms usually ask for fixed fee and also a percentage of capital sourced. Once again, this is a policy area that should be developed in order to have a positive economic impact.
Technological innovations in lending and equity crowdfunding are providing access to investment opportunities formerly unavailable to small retail investors. These areas of Fintech require higher continuing financial service knowledge in order to manage the aggregated risk and return for the end investors. Corporate loans have been a lucrative business for banks: McKinsey Consulting (2015) estimates that banks earn an 22% ROE from origination and sales, much higher than the provision of credit, which generates only a 6% ROE.
Capital sourcing in this manner can be considered to be at an early stage when one considers the total amount raised on crowd-funding platforms to traditional sources. The average size of investors savings in crowdfunding deals by high net worth and sophisticated investors is over £8,000 based on research by the Financial Conduct Authority (2015) . For other retail investors it was less than £4,000.
Fintech and capital markets: automated intermediation, execution, clearing, compliance, smart contracts
Fintech is altering not just the way financial firms conduct business but their business models and indeed the nature of capital markets. Finance is a heavily regulated area. The United Kingdom's Financial Conduct Authority (FCA) founding principles are based on innovation, competition and preserving the international character of the financial services industry. Engaging early on with the regulator can help with ensuring the new innovative products accessing the markets are fit for purpose.
The FCA allows products, services, business models and delivery mechanisms to be tested in practice in a live, market environment through its Regulatory Sandbox initiative. Unauthorised and authorized firms can trial their innovations through this platform even if they do not have complete authorisations. Unauthorised firms can, in this manner, reduce the cost and time to get product tested. Scotland should call for a regionally placed Regulatory Sandbox in order to ensure the outcome of our presented best case scenario.
Scotland has a good opportunity to enhance its regulatory oversight businesses using Regtech. This area of Fintech is developing solutions that manage the burden of regulation and reporting. The use of big data techniques can keep costs down. International Data Group (IDC) estimated that banks, investment banks and insurance companies globally are investing around $85bn only in regulatory oversight, risk control and legislative intiatives. This is going mainly into compliance and controls. Deloitte (2016) identified legislation, regulation gap analysis, the total compliance universe, what are termed health checks, and the risk data warehouses as focus areas. Such initiatives can also be applied to management information, transaction reporting, and activity monitoring.
There is an on-going requirement for spending to keep up with changing regulation and to be kept in lock-step with updating of the IT systems. Some of these functions can be outsourced and as such that represents another opportunity for Scotland to win business as part of the trend. FCA, the UK financial service regulator has ' set up 'Project Innovate', a consultation initiative to help Regtech companies meet regulatory requirements. Indeed, if done correctly compliance activities done remotely with real-time monitoring of financial activity could prove a new source of business revenue for Scottish firms.
Fintech and employment impact: Scotland
We estimate The economic impact of the Fintech rollout in Scotland using Input-Output (IO) models. The approach used is a multi-sectoral, general equilibrium model which assesses economic impact. Input-output (IO) analysis Leontief (1936) as explained in Miller and Blair (2009) is a widely employed method of assessing new jobs and expenditures.
Our analysis is performed using the UK IO table for the years 1998-2013. This is the most upto-date table that exists for the Scottish economy. It is a table with a collection of economic accounts and relevant employment and income multipliers. The IO system of accounts is based on the concept of double-entry book-keeping which reconciles the income, output and expenditure measurements of Gross Domestic Product (GDP).
The model is technically constituted by a set of linear simultaneous equations representing how the financial and technology sector in Scotland delivers output that is used by other sectors. The resultant matrix enables a clear representation of the complex interdependencies between industry and final demand. The model can be stated as:
X, is the vector of output in Scotland

I, is the identity matrix
A, is the matrix that summarizes the economic structure of Scotland.
Y, is the matrix of final demand min Scotland.
( − ) − is the Leontief inverse matrix that allows the estimated increase in output in other sectors as a result of increased outputs in the financial sector. AUGUST 2016 We only report on the two scenarios as we believe it more starkly illustrates the importance of coordinated policy action. The most realistic scenario is for an outcome somewhere between the best and worse-case presented.
The limitations of this approach are that it depends on the assumption of constant input coefficients of production that are constructed assuming constant returns of scale and technique of production. The UK IO tables are also in need of updating. Our analysis, in this respect, does not explain how the technical co-efficient would change as Fintech evolves.
Although we divide our analysis between SME and Financial institutions, capital structures differ and we have not taken this into account. Another limitation is that the assumption of fixed co-efficient of production does not take into account the impact of disintermediation, which is something that has been identified as likely to happen. The input-output model we use is simplified and puts all its emphasis on the production side of the Scottish economy. We are also projecting ten years into the future, but do not make any price adjustments for wages and or costs.
Assumptions
The analysis is done on the basis of the current 95,000 base of people working in the Scottish financial sector. Typically, 10 percent work in finance. The policy and implementation accelerated over the first three years and the impact fades thereafter out to ten years.
The Type II output, income and employment multipliers for Scotland were used in both the optimistic and pessimistic scenario. The optimistic scenario was constrained by the size of the workforce.
We assume there is sufficient financial service talent in management and at board level. That said, we constrain our projections by the size of the available workforce. We also apply a fade to the job creation to reflect the one of nature of job creation wins.
We assume the economic back drop to the finance industry continues to be poor. The sector continues to be under pressure to reduce cost and manage risk more effectively. In both scenarios, we therefore assume the financial sector remains under competitive pressure to reduce non Fintech related headcount.
The following set of job creation scenarios were inputs.
Scenario 1
In this scenario, nothing is done. The competitiveness of Scotland's banking erodes, market share is lost to non-Scottish disruptors, the outsourcing of jobs to Scotland reverses and banks shrink their workforce.
Scenario 2
In this scenario, we assume co-ordinated action and financial assistance.
1. Adoption of a co-ordinated plan for incumbent, challenger financial companies, start up's, Universities, incubators and the Scottish Parliament. 2. The establishment and expansion of a big data support facility for the financial sector, the installation of more dark fibre connecting its financial centres and the integration of timing and other digital security measures (GBP 15m). 3. The establishment and the financial support for a Scottish backed cryptocurrency (GBP 5m). 4. The upgrade of teaching facilities to support financial programing. 5. Creating a fund to invest in start-up Fintech companies, thereby giving them access to capital (GBP 20m).
We assume that in the best case scenario the trend to outsource to Scotland accelerates. Scottish Development International, a business promotion agency, estimate the cost of hosting 500 outsourced financial jobs in Scotland is £48.4 million as against £76.9m in London.
We assume that Scotland has a number of technological infrastructure developments to facilitate Fintech such as its own atomic clock (integrated into its Fintech infrastructure and possibly a second as a back up). The cost of this would be £500,000 and is included in our estimates of what needs to be spent to achieve the best case scenario.
We assume that in the best case scenario there is a pilot 'proof of concept' for a Scottish central register to support a distributed register built on existing infrastructure would cost £1m. Thereafter, we assume a budget commitment of £20m would be required to create a data storage facility with an additional £2m each to operate it.
We make the case that the incremental investment needed to make Scotland a Fintech hub is not large. On our calculations this would be about GBP 40m. We suggest additional measures including 'supporting the development of a Fintech settlement infrastructure (2) lending support to a Scottish digital currency solution and (3) improving the skillset of financial graduates to include programing code.
Results
The results of the two main scenarios we ran are shown in Appendix 1 and Appendix 2. Our scenarios illustrate that a slow adoption of Fintech initiatives in Scotland will result in a lack of competitiveness. This, combined with a shrinking banking sector, could result in a worse case loss of 3,295 jobs in the financial sector over the next three years. The rapid adoption scenario, however would see the creation of 3,885 SME jobs in three years, which means 7,646 total jobs when indirect ones are included.
Over ten years the results are even more dramatic, as can be seen from the total salary impact summary below. As explained, outsourced operations and compliance will benefit from the introduction of distributed ledger technology and blockchain settlements. The adoption of Fintech will mean Scotland's insourced operations will become more efficient and therefore attract jobs. That would be complimented by an additional 13,748 SME jobs. Around half of the job impact could be seen in as little as three years due to the accelerated pace of change in the industry.
Conclusion
In this paper, we identified the key drivers of Fintech and what Scotland is doing to capitalise on them. We make a few recommendations and based on the take up of them produced a best case scenario should Scotland embrace a digital financial future. We then investigate the direct and indirect wage benefit to Scotland based on input output tables and their employment and salary multipliers.
Fintech has already disrupted selective parts of retailer consumer banking along with elements of the payment space. We predict that the policy initiatives, pricing opportunity and the attraction of talent into Fintech will result in further job creation should the best case outcome be pursued. In this respect, Fintech provides a wealth of opportunity for the nestablished incumbents as well as entrepreneurs.
The consumer of financial services will be the biggest winner. That said, we highlight both the the enormous opportunity and the risks for Scotland. We make a recommendation that support for a Scottish cryptocurrency be forefront in the move to position Scotland as a digital hub. As yet, no large government has backed a digital currency and we suggest this may well be something that could make a difference for Scotland.
We make it clear that it is the execution of a Fintech plan that will determine if it joins the winners or the losers. Fintech will facilitate new processes and architecture that will make digital settlement cheaper, simplifying back-end processes, all key areas for the Scottish financial sector. We therefore urge the Scottish Parliament to put the right infrastructure and policies in place.
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